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fmal report to 
Esso Petroleum Canada 
a Division of Imperial Oil 
P. 0. Box 3022 
Sarnia, Ontario 
CANADA N7T 7Ml 
by Scott Bair 
Tribology and Rheology Laboratory 
George W. Woodruff School of Mechanical Engineering 
Georgia Institute of Technology 
March, 1992 
INTRODUCTION 
The Georgia Tech Tribology and Rheology Lab has undertaken the measurement of viscosity of 
liquid lubricant samples to high pressure for various temperatures. Four test samples were 
provided by Imperial Oil. The test program was described in the November 28 Fax from Allen 
Blahey of Esso Petroleum. A total of seven isotherms were called for at temperatures of 50, 100 
and 150°C. This fmal report details the dynamic viscosity at various pressures from atmospheric 
pressure to 760 MPa or up to the sample solidification pressure. The initial pressure-viscosity 
coefficient and the reciprocal asymptotic isoviscous pressure are reported. In addition, parameters 
for a Free Volume Model have been calculated for the two samples for which sufficient data are 
available. 
VISCOMETER 
The pressure-viscosity results reported here were obtained with a falling body viscometer which 
applies a maximum shear stress of approximately 20 Pa. The reported viscosities may be 
assumed to be the limiting low shear viscosity owing to the very low shear stress. The viscosity 
measurement technique is discussed in Ref. [ 1]. 
RESULTS 
The measured viscosities are listed in Table I. Each entry is the average of at least two 
falls - more at the lowest pressures. For sample B at 150°C some entries are the average of 
results using two different sinkers. For sample B at 50°C and 450 MPa pressure, the viscosity 
was observed to increase from an initial value of 4.8 x 105 in Pa·s to 3 x 107 over a period of 
time. This is an indication of the formation of a crystalline phase. Other measurements were 
F = 1 - B1 ln ( 1 + B:JJ) 
and A1, A2, B1, B2, C1, and C2 and T80 are parameters to be evaluated. The above relations may 
be used to find viscosity for conditions not measured for this report. 
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TABLE I. PRESSURE-VISCOSITY RESULTS 
mPa·s or cp 
a =_!~I 
o, T J.1 ap pzo 
a* = [ J ... Jl (p=o) dp] -1 
T o J.1 (p) 
SAMPLE: A 8 c D 
P/GPa 100°C sooc 100°C Isooc 100°C sooc 100°C Isooc 
0 17.41 122.8 16.31 5.17 24.7 115.9 20.5 7.02 
.069 61.0 599 53.0 12.86 95.8 400 55.5 16.56 
.146 205 3032 172.4 32.0 293 1185 133.4 31.5 
.223 583 12,095 492 72.4 917 3550 62.0 
.301 1548 45,680 1239 150.4 2478 9135 566 110.5 
.456 10,050 solid 7480 516 15,800 47,800 285 
.610 63,310 37,000 1758 80,200 215,000 5883 696 
.765 320,000 190,000 5110 297,000 802,000 1518 
17.1 22.4 16.2 12.1 17.9 16.5 12.5 10.0 
20.4 23.7 19.6 13.5 20.0 20.0 12.8 11.8 








A/°C Al/ Bt Bl/ 
GPa-1 GPa-1 
133.9 1.004 0.1991 24.76 
95.96 1.066 0.1834 26.39 
( 
-2 . 3 C1 ( T- Tg) F) u- u ·exp 
,.. r-g C
2 
+ ( T-Tg) F 
T 1 = T 10 + A1 In (1 + A2p) 
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